The membrane potential of the electrically quiescent circular muscle fibre is higher than that of the spontaneously active longitudinal muscle fibre.
properties, and that these differences are not caused by nervous activity. KURIYAMA et al.(1975) have elucidated differences in the electrical and mechanical properties of the longitudinal and circular muscle layers of the guinea-pig stomach. They postulated that the topical differences induced in both muscle layers are caused mainly by different properties of the surface and internal membrane structure. These differences were thought to be due to functional differences of the muscle layers. Differences in the electrical activities of longitudinal and circular muscles of rat and mouse myometria (OSA, 1974; KURIYAMA and SUZUKI, 1976) , topical differences along the whole length of the alimentary canal (ITO et al., 1973 (ITO et al., , 1974 have been elucidated. Pharmacological investigations on the guinea-pig ileum have drawn attention to several differences between the longi-tudinal and circular muscles. Circular muscle, for example, is singularly insensitive to excitatory agents (BROWNLEE and HARRY, 1963) . CONNOR and PROSSER (1974) studied the differences in the longitudinal and circular muscles of cat jejunum. However no clear difference was elucidated except for the Ca contents. On the other hand, with respect to the myenteric plexus ofguinea-pig ileum, HIRST et al. (1975) described that, in the absence of atropine, distension produced a short latency transient inhibition of the circular muscle, followed by an excitation of both layers. They suggested that one nerve pathway mediated descending inhibition and that the other mediated descending excitation. From the observation made by HIRST et al. (1975) , it is likely that circular muscle activity is predominantly controlled by the activity of the enteric plexus. However, the electrical activity of both circular and longitudinal muscle layers is not yet well understood.
The present experiments investigate the electrical and mechanical properties of the longitudinal and circular muscle tissues of theguinea-pig ileum. ). Spikes were continuously generated in longitudinal muscle cells but not in circular muscle cells. When outward current pulses were applied, the cells of both muscle layers generated spikes. As reported by KURIYAMA et al. (1967) and OSA (1973) spikes recorded from the ileum are followed by an after-hyperpolarization, a feature not found in spikes recorded from other regions of the alimentary canal. Two different patterns of membrane activity were observed from the longitudinal muscle cells. Examples of spontaneous and evoked membrane d-e; The electrical activity of the circular muscle evoked by inward and outward current pulses (0.4sec). and H. KURIYAMA activity recorded from isolated longitudinal and circular muscles are shown in Fig. 1 . In the longitudinal muscles, spikes were generated successively (Fig. 1a) or as a train of discharges superimposed on the depolarization of the membrane (Fig. 1b) . Depolarization lasted 1-3sec. Activity of the circular muscle evoked by current pulses is shown in Fig. 1d .
METHODS
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When the microelectrode penetrated the circular muscle layer while still attached to the longitudinal muscle layer, the muscle fibre only occasionally produced spikes. Perfusion of the tissue with Krebs solution containing tetrodotoxin (10-7g/ml), modified the frequency and shape of the spikes generated in the longitudinal muscle cells but no spikes were generated in the circular muscle cells. Therefore, the absence or rare appearance of electrical activity in the circular muscle membrane, is probably not due to the activity of an inhibitory nerve which is densely distributed in the circular muscle layer (HIRST et al., 1975) . The relationship between the amplitude of the electrotonic potential plotted logarithmically and the distances from the stimulating electrode in circular muscle. Mean length constant =2.9+0.3mm (n=7). Fig. 6 . Effects of stimulus duration on the mechanical properties of longitudinal and circular muscles in the presence or absence of atropine (10-7g/ml). a; Various durations (0.25msec to 1,000msec) of outward current pulses were applied to the longitudinal muscle in Krebs solution. b; Same as in (a) in the presence of atropine (10-7g/ml). c; Effects of atropine (10-7g/ml) on the spontaneously generated electrical activity of the longitudinal muscle. Dots in the figure indicate application and removal of atropine. Fig. 7 . Effects of isotonic K Krebs solution and of electrical stimulation on the longitudinal and circular muscles. a; Effects of isotonic K Krebs solution on the mechanical responses of the longitudinal (upper) and circular (lower) muscles. Outward current pulses (1sec duration) were applied before, during and after treatment with isotonic K Krebs solution. b; Same as (a) but, inward current pulses were applied. c; Same as (a) but, before and after the application of isotonic K Krebs solution, outward current pulses were applied; and during application of isotonic K Krebs solution, inward current pulse were applied. The records were obtained using the double sucrose gap technique. Inward current pulse was 15sec.
tonic response of the K-induced contracture; i.e. the longitudinal muscle preparation produced a tonic response considerably larger than was produced by the circular muscle (Fig. 7a) . The twitch amplitude during K-induced contracture was suppressed as one would expect during depolarization of the membrane (Fig.  7a) . The mechanical response evoked by an inward current pulse before and after application of isotonic K Krebs solution was small (Fig. 7b) , since twitch tension was produced as an anodal break response. However, in isotonic K Krebs solution a large twitch tension was recorded in the circular muscle and a small tension in the longitudinal muscle ( Fig. 7b and c) .
To investigate the nature of the large twitch tension developed during Kinduced contracture, electrical and mechanical responses were recorded simultaneously using the double sucrose gap method. As shown in Fig. 8 , both longitudinal and circular muscle membranes depolarized to the same extent in isotonic K Krebs solution. Both muscles also generated a phasic response during contracture. In the circular muscle the phasic response gradually approached the resting level but in the longitudinal muscle preparation it was sustained at a high level. The application of an inward current pulse repolarized the membrane and temporarily relaxed the contracture of both tissues. By the cessation of the inward current pulse, a large twitch tension was again evoked in the circular muscle and a small tension in the longitudinal muscle. The amplitudes of these rebound contractions were roughly in proportion to the amplitudes of the tonic response of the contracture. Similar responses have also been observed for the longitudinal and circular muscles of the guinea-pig stomach (KURIYAMA et al., 1975) . The effects of caffeine (5mM), procaine (5mM) and PGE1 (10-7g/ml) on twitch tension and K-induced contracture were also observed from both muscle layers. Twitch tension was evoked by outward current pulses in normal Krebs solution, and inward current pulses in isotonic K Krebs solution ( Fig. 9a and f) . Marked differences in the responses of the two muscle layers were observed, i.e. caffeine suppressed both the phasic and tonic response of the contracture, however the twitch tension evoked in isotonic K Krebs solution was enhanced in the circular muscle and suppressed in the longitudinal muscle (Fig. 9b) . Procaine, in isotonic K Krebs solution suppressed both the K-induced contracture and twitch tension ( Fig. 9c and d) . PGE, had no affect on the phasic response of K-induced contracture in either muscle layer but the tonic response was partially suppressed in the longitudinal muscle (Fig. 9e) . In isotonic K Krebs solution, twitch tension increased in the circular muscle and decreased in the longitudinal muscle (Fig.  9e) . The effects of caffeine and PGE1, as also observed from the electrical responses of the membrane, appeared to be different for the two muscle layers.
Effects of verapamil and Lanthanium (La) ion on the twitch tension and K-induced contracture The effects of verapamil (2•~10-3g/ml) on the twitch tension and K-induced contracture of the longitudinal and circular muscle layers are shown in Fig. 10 . Verapamil rapidly suppressed the twitch tension of both muscles in Krebs solution, but much more rapidly in the longitudinal muscle than in the circular muscle tissue (Fig. 10b) . A K-induced contracture was not generated in either muscle following pretreatment with verapamil. However, twitch tension of the circular muscle evoked in isotonic K Krebs solution was reduced in amplitude while in the longitudinal muscle the response was blocked completely. After a long wash with normal Krebs solution, the mechanical responses induced by electrical stimulation and by isotonic K Krebs solution were gradually restored; but the tonic response of the longitudinal muscle and the phasic response of the circular muscle were much more slowly restored to normal than were the other components of the mechanical response (Fig. 10c-e) .
When both tissues were perfused with Ca free La containing (2mM) Krebs solution, twitch tension rapidly ceased, but a longer time was required to block the mechanical response of the circular muscle than that of the longitudinal muscle. K-induced contracture was not evoked in the La containing solution following pretreatment with Ca-free La containing Krebs solution.
In the guinea-pig taenia coli, a significant increase of the extracellular inulin space following treatment with hyaluronidase (15i.u./ml) has been reported by GOODFORD and LEACH (1966) . GABELLA (1973) observed a disappearance of a majority of muscle cell caveolae from guinea-pig ileum following treatment with hyaluronidase. Moreover electronmicrographs show that the basement membrane is ill-defined and separated from the plasma membrane over a large area. To investigate the roles of the caveolae, the effects of hyaluronidase on the mechanical responses of both muscle tissue were investigated.
As shown in Fig. 11 , hyaluronidase (50i.u./ml) accelerated the spontaneous mechanical activity of the longitudinal muscle, however, contractions were not generated in the circular muscle. The tonic responses of both muscles recorded in isotonic K Krebs solution were slightly enlarged especially for the longitudinal muscle tissue (Fig. 11 b-d) .
DISCUSSION
Differences in the electrical and mechanical properties of the longitudinal and circular muscle tissues of the ileum can be summarized as follows; i) the membrane potential of the longitudinal muscles (hence forth abbreviated, L) is lower than that of the circular muscles (hence forth abbreviated, C), ii) spontaneous membrane activity is generated in L but not in C, iii) the length constant is shorter in L than in C, iv) caffeine and PGE1 enhance the membrane activity of L but suppress the membrane activity of C, v) a large tonic response during K-induced contracture is generated in L but in C, it is small, vi) in isotonic K Krebs solution the twitch tension evoked by inward current pulses is large in C and small in L, vii) caffeine suppresses the K-induced contracture of both tissues but the twitch tension evoked in excess K solution is enhanced in C and suppressed in L, viii) in excess K solution PGE, enhances both the K-induced contracture and twitch tension but in Krebs solution twitch tension is enhanced in L and is suppressed in C, iv) verapamil and La suppress both the K-induced contracture and the twitch tension in Krebs solution. However, the twitch tension evoked in excess K solution, although of small amplitude, can still be observed in C, where it is completely absent in L. Mechanical properties. The longitudinal and circular muscles of the guineapig stomach also have different electrical and mechanical properties (KURIYAMA et al., 1975) . However, the differences are not the same for stomach and ileum, i.e. the longitudinal muscle in the stomach fundus region is quiescent, and in the ileum, it is spontaneously active. The longitudinal muscles of both tissues exhibit a large amplitude of tonic response during K-induced contracture. Therefore, the membrane activity has no causal relation to the development of the tonic response during K-induced contracture.
As postulated for stomach muscle (KURIYAMA et al., 1975) , the tonic response of the K-induced contracture may be due to the presence of free Ca in the myoplasm resulting from a difference between Ca influx across the membrane and release of Ca from the storage sites, and the efflux of Ca and reabsorption of Ca at the storages sites. In the case of the longitudinal muscle this difference may be shifted towards the accumulation of free Ca, and in the circular muscle towards reduction of free Ca. There may be less stored Ca in the longitudinal muscle than in the circular muscle, since verapamil, caffeine and La ion prevent the development of twitch tension in the longitudinal muscle in isotonic K Krebs solution, where as in the circular muscle, tension was even enhanced by caffeine. The nature of the twitch tension generated in isotonic K Krebs solution by the cessation of an inward current pulse is not yet understood. Presumably strong inward current restores the polarity of the plasma membrane and internal membranes. Cessation of the inward current pulse may act mainly to release Ca from storage sites which are dependent on the potential or to increase Ca influx from the extracellular space, since the twitch tension was evoked during the suppression of the K-induced contracture.
GABELLA (1973) postulated for visceral smooth muscle, that the caveolae, distributed just under the surface of the membrane, control the intracellular free Ca of the muscle fibre. Caveolae have been observed in both muscle layers of the ileum. However, even after treatment with hyaluronidase, the mechanical response of the circular muscle was not markedly affected, and in the longitudinal muscle, the spontaneously generated contractions and the tonic response of the K-induced contracture were enhanced. Therefore the role of the caveolae must be reconsidered.
Membrane properties. WATANABE (1973) proposed that Ca ion distributed on the outside of the smooth muscle membrane controls Na-permeability and that Ca ion distributed on the inside of the membrane controls K-permeability. Thus the amount and site of Ca, whether controlled by a Ca pump or Na-Ca exchange process, are governing factors determining the ionic permeability of the membrane. The present results suggest that circular muscle possesses more Ca ion on the inside of the cell (including that which may be present just beneath the plasma membrane and within s torage sites) than does the longitudinal muscle.
Further complications arise when these and previous results from the ileum (KURIYAMA et al., 1967 ) are compared to results obtained from the myenteric plexus (HIRST et al., 1975) . In our experiments, longitudinal muscle appeared to be more greatly influenced by nervous activity than the circular muscle. However, HIRST et al.(1975) observed the opposite. In the present experiments, the longitudinal and circular muscle layer were individually isolated, and therefore the attachment of the myenteric plexus to either the longitudinal or circular muscle layer was obscure. Nevertheless the nerve terminals including their varicosities might be imbedded in each muscle layer. The present results suggest that the longitudinal and circular muscle cells possess different electrical and mechanical properties and that the different responses of the two muscle layers, induced by various stimulating methods, are not only caused by the influence of nervous activity, but also by the muscle themselves. The differences observed for the two muscle layers may be the result of differences in the plasma membrane and internal Ca storage sites, excluding the caveolae.
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